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FOREWORD

This report is part of a series intended to cover the entire
State, and to provide private citizens, groundwater users,
developers, investors, well drilling contractors, consultants and
professionals, and government officials with as complete a picture
as possible of the groundwater situation, including prospects, as
it exists in each of the counties of Virginia.

On the basis of this report, prospective groundwater users and
anyone else interested in the development and protection of that
invaluable resource that is groundwater can make up their mind and
call a consulting hydrogeologist to handle their specific ground-

water problem, while the State Water Control Board remains at the

public's service for general information and governmental action.
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ROCKINGHAM COUNTY GROUNDWATER
Present Conditions and Prospects

by
Kenneth R. Hinkle and R. McChesney Sterrett

ABSTRACT

In Rockingham County, bounded by the Blue Ridge on
the southeast and the Alleghany Mountains on the northwest,
the geologic formations occur in northeast trending belts
paralleling the ridges and valleys. Sedimentary rocks
comprised mainly of shale and sandstone make up the moun-
tainous western portion of the County and also form
Massanutten Mountain in the east central portion. The
central valley is underlain by limestone and dolomite with
a few broad belts of shale. The Blue Ridge portion of the
County is comprised mainly of igneous and metamorphic rocks.
Three major hydrogeologic areas have been identified:
the Blue Ridge; the central valley; and the area west of
Little North Mountain. Maximum groundwater potential is
available from the carbonate formations underlying the
thick terrace and flood plain deposits bordering the South
Fork of the Shenandoah River in the central valley. Car-
bonate formations elsewhere in the valley offer fair to good

potential depending upon local rock characteristics and

topography. The Martinsburg shale formation is an important




domestic water supplier in the valley but cannot reliably
supp]yrlarge commercial, public or industrial users. The
Blue Ridge and the area west of Little Morth Mountain offer
very poor groundwater potential; only small domestic
supplies may be developed in these areas.

Groundwater quality is generally good but varies
according to rock type. Hardness is the most common problem
and is confined mainly to groundwater from the carbonate
rocks and the Martinsburg formation. High iron concentrations
are common in groundwater from the shale and sandstone for-
mations west of Little North Mountain. Groundwater in a
narrow corridor paralieling U.S. Route 11 and extending from
Mt. Crawford to Harrisonburg exhibits an unusual quality
relative to the rest of the County: extremely high hardness
and high concentrations of iron, sulfate, chloride and
nitrate have been détected in this area, though no health
hazards are known. In the Blue Ridge, groundwater is very
Tow in dissolved mineral matter and generally of good quality.

Groundwater development has been relatively insignificant
in the County. Present development can probably be doubled
without adverse effécts as long as responsible groundwater
management programs are observed. Approximately efght million
gallons per day have been withdrawn over the past 20 years

from an industrial well field developed in the alluvial de-

posits along the South Fork of the Shenandoah River. This




area offers the best potential for future groundwater development

in Rockingham County and probably can support heavy withdrawals

over long periods of time.







CHAPTER 1
INTRODUCTION

Background

Rockingham County is located in the northwest portion
of the State (Plate 1), bounded on the west by West Virginia
(Hardy and Pendleton Counties). Virginia counties forming
the other boundaries are: Augusta on the south, Albemarle
and Greene on the east, and Page and Shenandoah on the north.

Situated in the Shenandoah Valley and named for the
Marquis of Rockingham, a British statesman, the County was
formed in 1777 from Augusta County. It is the third largest
in the State and covers 871 square miles (557,440 acres)
including the city of Harrisonburg, the only independent city
in the County.

According to 1972 projections, the population was approximately
51,400 for the County and approximately 15,500 for Harrisonburg.
For the years 1985 and 2000, respectively, the population is
projected to be 64,000 and 80,400 for the County, and 16,700
and 17,900 for Harrisonburg.

Agriculture and manufacturing are the prime sources of
revenue and together account for 40 percent of the combined
county/city work force of 37,000. Noted as one of the nation's

largest producers of poultry products, Rockingham County

boasts some of the most modern food processing plants in the
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world. Travel and tourism are also important economic factors
with activities such as hiking, camping, skiing, boating,
swimming, fishing, hunting and sight-seeing offered to visitors.
Present groundwater and surface water supplies appear to
be adequate, and no major problems are known to exist in the
County. Future groundwater demand can be met without problems
based on the present rate of development. The resource, how-
ever, is not evenly distributed, and certain areas offer far
greater groundwater potential than others due to diversified
geology and topography; No serious quality problems are
known, but groundwater in limestone terrains is susceptible to

pollution.

Purpose and Scope of Report

The purpose of this report is to acquaint the public with
groundwater conditions in Rockingham County. In addition to
providing some general information about the County, the re-
port is a compilation of previous geologic and hydrologic
investigations carried out under the auspices of the State
Water Confrol Board, the former Division of Water Resources,
and other State agencies. By discussing groundwater availa-
bility, quality and development, the report is intended to
serve asAa reference to local government, private citizens,
developers, well drilling contractors, consultants and
anyone else desirous of information relative to utilizing

and protecting the groundwater resources of the County. A




Glossary and Bibliography are provided at the end of this

report for the convenience and comprehension of the reader.

Methods of Investigation

Most of the general background and geologic information
appearing in this report is a summary of previous work. Some
of the information on water well construction and groundwater
quality has been obtained from other State agencies, although
the bulk of it has been collected by the State Water Control
Board.

Much of the previously unpublished information on indi-
vidual well construction data and quality analyses has been
collected as a result of the "“Groundwater Act of 1973". This
Act requires fhat drilling contractors submit a Water Well
Completion Report (Form GW-2) for all wells drilled, and that
owners of industrial and public water supplies submityquarter]y
reports (Form GW-6, Groundwater Pumpage and Use) detailing
groundwater withdrawal. In addition, the Board requires that
drillers submit drill cutting samples collected at 10-foot
intervals on all public and industrial supply water wells and
“those wells which are drilled to unusual depths or are located
in areas deemed deficient in geologic information.

A concentrated effort has been made over the past year to
gather information relating to groundwater quality trends in
Rockingham County. In addition to specific sampling areas,

groundwater quality information is obtained from regular

10




monthly sampling runs made by the Board's Valley Regional
Office. Domestic supplies are generally sampled although
some small industrial and commercial supplies are checked
occasionally.

Another source of quality information is the Pollution
Response Program (PReP), maintained by the Board for the sole
purpose of responding to citizen reports of water pollution
of any type. This includes pollution of both groundwater and
sufface water by accidental or intentional spills of hazardous
chemicals, oil, gasoline, refuse and industrial wastes.

A1l well and groundwater quality information cited in this
report is on permanent file at the Board's Headguarters Office
in Richmond and the Valley Regional Office in Bridgewater.
These data are computerized for storage and retrieval and were

used to compile the summaries contained in Appendices B and C.

Previous Investigations

A number of reports have been published on the geology and
groundwater resources of Rockingham County. The most recent and
comprehensive geologic report was published by the Virginia Division

of Mineral Resources in 1960. The report, Geology and Mineral

Resources of Rockingham County (Bulletin 76), was written by

William B. Brent and has been drawn upon heavily in preparing

the geology part of this report.
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Groundwater reports include works by R. C. Cady, R. H.
DeKay, and an unpublished thesis by R. B. Leonard entitled

Ground-Water Geology Along the Northwest Foot of the Blue

Ridge Between Arnold Valley and Elkton, Virginia. Cady's

report, Ground-Water Resources of the Shenandoah Valley,

Virginia (Bulletin 45 of the Virginia Geological Survey, 1936),
is quite comprehensive and is the only major groundwater
report to incorporate virtually all of the County. In Devel-

opment of Ground-Water Supplies in Shenandoah National Park,

Virginia (Mineral Resources Report 10, Virginia Division of
Mineral Resources, 1972),‘DeKay touches lightly upon some of
the groundwater resources of the Blue Ridge area of the County.
Frank Reeves discussed another aspect of the subsurface water

resources in his 1932 report, Thermal Springs of Virginia

(Bulletin 36, Virginia Geological Survey). The Virginia Division

of Water Resources report on the Potomac-Shenandoah River Basin

(Volumes I and III, 1968-69) included Rockingham County as did

Trainer and Watkin's report entitled Geohydrologic Reconnaissance

of the Upper Potomac River (U.S. Geological Survey Water Supply

Paper 2035), published in 1975.

Water Well Numbering System

Water Well Completion Reports are assigned a unique
number by which that well is thereafter identified. Water
quality and withdrawal data for the well are also identified

by that number.

12



Each Virginia county is assigned a three-digit county code,
the code for Rockingham County being 182. Within each county
wells are numbered sequentially-and chronologically, with few
exceptions. For example, a report received on a particular day
might be numbered 182-16, while a report received the following
day would be 182-17. It is unfortunate that owners, particu-
larly industries, which have multiple wells cannot have all of
their wells numbered consecutively. A1l wells are assigned
numbers as they are received and therefore appear at random
throughout the summary in Appendix B.

Wells appearing in this report will be designated with-
out repeating the county code each time. Numbers will be
enclosed in parenthesis; for example: (6). When it is
necessary to contact the Board about a particular well, it is
advisable to refer to the owner {or location if more descrip-
tive) and its well number. Example: Jordan Hatchery #2,

Well No. 182-6.
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CHAPTER II
PHYSICAL SETTING

Physiography

Rockingham County is situated almost entirely within the
Valley and Ridge Physiographic Province which is characterized
by alternating ridges and valleys trending in a northeast-south-
west direction. The extreme southeastern part of the County is
in the mountainous Blue Ridge Physiographic Province. The
Alleghany Mountains and the Blue Ridge form the western and
eastern County borders, respectively, while the Shenandoah Valley
1ies between these two mountain ranges, spanning nearly 22 miles
at its widest point.

Elevation ranges vary widely in the County (Plate 2).

The highest point is Flagpole Knob at 4,381 feet above sea level,
seven miles west of Rawley Springs and one and one-quarter miles
east of the West Virginia line. The lowest point is approxi-
mately 900 feet above sea level where the South Fork of the
Shenandoah River flows out of Rockingham Couhty into Page County
about five miles north of Elkton.

Massanutten Mountain is the most notable of several promi-
nent landforms in the County. Rising 1,800 feet above the valley
floor, this unique double ridge extends about 10 miles into the
County from the northeast and terminates in a spectacular peak

near McGaheysville. The Mountain is about 45 miles long with

-15
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the northern terminus at Strasburg in Shenandoah County. Near
the southern peak is a feature known as "The Kettle", a scooped-
out bowl area bounded by the eastern and western ridges and the
peak proper.

Mole Hi1l is a volcanic plug located about four miles west
of Harrisonburg which rises abruptly out of the valley floor to
a height of 500 feet; It is regarded as one of the moét out-
standing igneous rock occurrences in the Appélachian Valley area
of the State.

Caves and caverns are abundant throughout the County
(Plate 2). According to Douglas (1963), 100 caves are known,
ranking this County third among all others in the State. This
includes two commercial caves, Endless Caverns and Massanutten
Caverns. An abundance of sinkholes, almost exclusively found
in limestone regions, indicates the area is riddled with sub-
surface solution channels and caves, typical features of

karst terrains.

Drainage

Rockingham County is located entirely within the upper
Potomac-Shenandoah River Basin. Extending from Highland County
in the west to the Chesapeake Bay in the east, the Basin covers
| - 5,706 square miles in Virginia alone.
Three major rivers drain the County (Plate 2). The North
River drains the southern and southwestern parts and joins the

Middle River at the Augusta County line, one mile west of

’ | 19
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Grottoes. Middle River in turn joins with the South River at

Port Republic to form the headwaters of the South Fork of the -
Shenandoah River. From there it flows northeastward following

the western foothills of the Blue Ridge, leaving Rockingham

County approximately five miles north of Elkton. The River's

course is marked by a mile-wide flood plain and is bordered by

gravel deposits up to 100 feet thick in some places. The

northwest and northern parts of the County are drained by the

North Fork of the Shenandoah River which flows out of the

County approximately four miles northeast of Timberville.

Climate

Mi]d winters and warm, humid summers characterize the
climate of the study area. The two major controlling factors
are the mountainous nature of the area and the wide range in
elevation.

According to Crockett (1972), the average annual temperature
for the County is approximately 540 F. Extremes have been re-
ported as high as 101%F in July 1954 and as low as -169F in
January 1953. July and August are the warmest months while De-
cember and January are the coldest. Average annual precipitation
is approximately 35 inches with rainfall the dominant precipi-
tation factor. Summer rainfall is provided principally by
showers and thunderstorms, the latter occurring on an average of .
40 days. The greatest precipitation generally occurs in July

and August. Although the average snowfall figure is approxi-

20




mately 26 inches, measurements in the last 17 years have varied
from three inches to 59 inches.

Table 1 1ists temperature and precipitation data from the
two non-recording weather stations maintained by the National

Weather Service.

TABLE 1

1975 DATA RECORDED AT
ROCKINGHAM COUNTY WEATHER STATIONS

Average Temperature Total Precipitation
(Degrees Fahrenheit) {Inches)
Dale Dale
Month Enterprise Timberville Enterprise Timberville
January 35.3 35.8 2.03 2.41
February 37.0 37.3 2.88 2.41
March 40.7 41,7 5.07 5.58
April 49.1 49.9 1.26 1.54
May 64.7 65.6 4,35 1.94
June 68.5 71.4 3.46 4.32
July 71.0 73.1 4.84 4.45
August , 72.0 74.6 5.12 3.21
September 61.5 63.5 5.84 6.97
October 56.7 57.0 2.68 1.71
November 48.3 47.8 2.09 1.62
December 35.7 35.7 2.71 2.48
53.4 54.5 42.33 38.64
1948-1973 53.7 53.6 34.62 36.26

‘Source: National Oceanic and Atmospheric Administration and
Virginia Water Resources Research Center

Soils and Vegetation

Rockingham County soils can be grouped into three major
associations: mountainous soils, valley soils derived from

carbonate rock and from shale and shaly limestone, and alluvial

21




soils.

As evidenced by Plate 2 approximately 50 percent of the
County is covered by mountainous 50115. These soils are fairly
shallow in the west but much deeper in the Blue Ridge areas and
the Massanutten Mountain sector. A1l soil types in these high-
land areas are well drained, particularly on the steep western
slopes near the base of the Blue Ridge, and contribute very
little recharge to grouhdwater.

The Valley soils comprise the bulk of the remaining area
and are derived from the carbonate rock, shale and shaly lime-
stone which ribbon the valley floor in a general north-south
trend. These lowland soils are well drained, 20-50 inches deep
on slopes and deeper in the low-lying areas, and offer favorable
conditions for groundwater recharge. Numerous rock outcrops are
common.

Alluvial and colluvial soils occupy the valley floor
along streams and rivers. Soils common to these drainage-ways
are moderately well to well drained and are generally quite
thick. Terraced flood plains are common and may be flat or
gently sloped. These soils foster increased groundwater in-
filtration due to their permeability and proximity to major
rivers.

Vegetation consists of forest lands and agricultural areas,
the latter accounting for the major portion of the valley where

grazing and cropland predominate. Over half of the County's

22




557,440 acres are forested; 138,169 acres are included in the
George Washington National Forest in the western part of the
County. Most forests are the oak-hickory type with substantial
tracts in the western half covered by several pine species and
mixed hardwoods. Such major forest areas provide large water-
sheds to replenish and maintain both surface water and ground-A

water.

23






CHAPTER ITI
HYDROGEOLOGY

Geology and Groundwater

The close relationship between geology and the
occurrence, distribution, availability and quality of ground-
water makes geologic information a prerequisite to under-
standing the hydrogeology of an area. Topography, rock type
and geologic structure are principal factors which govern
the storage, transmission, yield, quality and utilization
possibilities of groundwater. Other elements influencing
groundwater include soil, vegetation, temperature and certain
works of man. Overriding most of these factors are quantity,
intensity, frequency, duration and distribution of precipi-
tation. The hydrologic cycle (Plate 3) explains the circula-
tion of water among the oceans, air, land surface and
underground.

Topography is a significant factor influencing ground-
water conditions. As a general rule, lTow-lying areas near hills
and mountainous regions should be considered as having greater
groundwater potential than the higher elevations because run-
off from slopes results in increased infiltration in valleys.
Pervious soils, cultivated land and dense vegetation allow
greater infiltration than do clayey and barren lands which

are conducive to higher rates of runoff. High temperature

25
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coupled with a high degree of evaporation negatively affects
groundwater recharge. In urban areas, runoff increases and
infiltration diminishes due to the impermeable expanse created
by paved areas and buildings.
‘ Different types of rock vary considerably in their ability
1 to absorb, store, and yield water. Except for the Blue Ridge,
! Rockingham County is underlain by sedimentary rocks which were
deposited in ancient seas. These rocks contain water in voids,
bedding planes, fractures and solution channels. The predomi-
nant rock types in the County are limestone, shale, sandstone,

and unconsolidated sand and gravel. For the purpose of this

report, limestone, a calcjum carbonate, and dolomite, a calcium-

| 26



magnesium carbonate, will be termed Toosely as "carbonates".

Carbonate rocks have highly variable water-bearing
properties and are good to poor aquifers. Where joints have
been enlarged into solution channels by the dissolving action
of water, large volumes of water may be stored and transmitted
(Plates 4C and 4F). The solution action can produce openings
as large as the greatest caves. It is generally believed
that the formation of solution channels in carbonate rocks
operates most actively above and immediately below the water
table, where the water in the rocks contains a greater charge
of carbon dioxide and circulates most vigorously. Carbonate
rocks adjacent to major streams have a high potential for re-
charge and are relatively unaffected by seasonal water table
fluctuations. Therefore,. Timestone and dolomite formations
which outcrop near major streams may be very prolific aquifers,
whereas those occurring in areas remote from major streams
may produce only meager amounts of groundwater.

Shale has relatively high porosity, but permeability is
very low. Small to sometimes fair quantities of water may be
obtained from pore spaces, joints, bedding planes and shaley
partings, but shale generally forms an aquiclude or barrier
confining groundwater to underlying aquifers. Clay has hydro-
logic properties similar to those of shale and is relatively

impermeable; i.e., incapable of supplying water to wells.
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EXAMPLES OF ROCK PORQSITY
(A) Well-sorted sediment - high porosity; (B) Well-
sorted sediment consisting of porous pebbles - very
high porosity; (C) Porosity resulting from dissolution;
(D) Poorly-sorted sediment - low porosity; (E) Well-
sorted sediment with intergranular space filled with
""cement'' - very low porosity; (F) Porosity developed
along fractures.

Source: Meinzer (1923} PLATE NO. 4

| Sandstoné contains water in pore spaces which are
dependent on sorting, grain size, shape, packing, and most
importantly, degree of cementation {Plate 4E). Sandstone
cemented with soluble calcite or unstable clay minerals may
break down easily and develop high permeability. Some cal-
careous sandstone formations are excellent aquifers, but a
sandstone cemented with silica may have practically no
permeability unless fractured.

Unconsolidated sand and gravel in alluvium and terrace
deposits are highly porous and permeable and usually occupy
areas favorable for groundwater recharge (Plates 4A, 4B and
4D). Sand and gravel beds lying adjacent to, and below the

level of, a major stream often yield abundant supplies of
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groundwater, while sand and gravel in deep strata are also
good aquifers. Similar deposits at higher elevations may
contain little groundwater.

Igneous and metamorphic rocks have very low porosity
and permeability. However, small supplies of water are gen-
erally available near the surface where weathering has partially
decomposed the rocks. Below the weathered zone small quanti-
ties of water may oscur in fractures and along contacts
between different rock types.

Geologic structure may strongly influence the occurrence

- of groundwater, and this is especially true in certain areas

of Rockingham County. Anticlines (up-folds in the rock strata)
may bring good water-bearing beds near the surface along their
axes and bury them along the flanks (Plate 5A). Similarly,
synclines (down-folds in rock beds) may bring water-bearing
units near the surface on the flanks or may cause them to
descend to great depths along the axis (Plate 5B). The axial
portion of a syncline can act as a collection area and, if
tapped, may yie]d,sighificant quantities of water under high
pressure. Water may flow under its own pressure to or above
the land surface, and when this occurs, the well is termed
"artesian". Similarly, excellent groundwater storage potential
exists along well-fractured anticlinal axes, but water

pressure is generally not sufficient to cause artesian

conditions.
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STRUCTURAL INFLUENCES IN GROUND-WATER AVAILABILITY

land surface

depth (ft)

o o. C A \\\\\
s00' 1~ "" \\\- 600°
RN

A. An anticline may bring a water-bearing rock bed near the surface at
its axis or send it to great depths along its flanks.

well axis tand surface

0’ — ~0°

200" - 200"

400" - - 400"

depth (ft)

600"

B. A syncline may bring a water-bearing rock bed near the surface at
its flanks or bury it at its axis.

Source: Virginia State Water Control Board - VRO PLATE NO.




Faults are fracture zones along which there has been
displacement of rock masses relative to one another, and they
often parallel folding. The associated fracture openings in
soluble rocks may be enlarged by the solution action of ground-
water, thereby resulting in high well yields. Faulting can
also be detrimental to the groundwater potential of an area.

Not only can it act as a collection zone for groundwater

through the secondary permeability it creates, but it may also
serve as a barrier to limit groundwater movement by causing the

disappearance of a water-bearing formation.

Joints are fractures along which there has been no

appreciable movement. They are favorable to groundwater
occurrence, but, like faults and other fractures, tend to

become fewer and smaller with depth.

Hydrogeology of Rockingham County

A variety of sedimentary, igneous and metamorphic rocks
occur in relatively narrow northeast-trending belts in the
County. These rocks have been heavily folded, and two major
faults run almost the length of the County. Geologic and
groundwater conditions of the area are 111ustratéd on Plates

6 and 7.

Geologic Setting. The oldest rocks crop out on the Blue

Ridge along the eastern boundary of the County and consist of Pre-
cambrian igneous and metamorphic types generally considered to

be older than 600 million years. Huge masses of granite were
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Source: Virginia State Water Control Board — VRO
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injected into this area followed by extensive volcanic ac-
tivity which created lava flows resulting in the present-day
greenstone covering much of the Blue Ridge.

The rock formations become younger from southeast to
northwest across the Shenandoah Valley, an area mainly under-
lain by carbonate rocks of Cambrian and Ordovician age (600-
425 million years old). These rocks, limestone and dolomite,
were deposited when severe deformation caused a long, narrow
trough to form in a northeast-southwest direction generally
coinciding with the present location of the Appalachian
Mountain Range from Alabama to Newfoundland. This huge de-
pression was repeatedly invaded by the sea and served as a
depositional site for thousands of feet of sediments over
millions of years. During the Silurian, Devonian and Mississip-
pian ages (425-300 million years ago) when uplift caused the
sea to retreat, there was rapid erosion resulting in transport
of clastic sediments into the depositional trough which later
consolidated into the younger shale and sandstone units pre-
dominating in Massanutten Mountain and west of Little North
Mountain.

Following this long depositional and uplift period the
area was again subjected to horizontal forces from the south-
east which folded the sedimentary rocks into a series of anti-
clines and synclines and in some places displaced huge masses

of rock for thousands of feet along fault planes. Erosion and
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terrestrial deposition over the last 300 million years has
altered the land surface to its present topography. The more
resistant rocks, such as sandstone and quartzite, from the
ridges while the less resistant shale and limestone units have
been eroded to form the valleys.

A number of younger igneous iﬁtrusions emplaced in the
older sedimentary rocks are thought to be of Triassic Age
(around 200 million years old). The'youngest deposits, less
than two million years old, are the terraces and flood-plain

alluvium which occur in proximity to the major streams.

Geologic Formations and Groundwater Occurrence. The

occurrence, lithology, and average thickness of the formations
discussed above are detailed in the following paragraphs as a
prelude to discussing groundwater occurrence and availability
in ROckingham County. Nomenclature is consistent with that

used in Bulletin 76, Geology and Mineral Resources of Rocking-

ham County by William B. Brent, published by the Division of
Mineral Resources in 1960.

Groundwater conditions vary considerably across Rockingham
County due to the diverse geology and topography. The Cambro-
Ordovician carbonates are considered the best producers, es-
pecially where large streams traverse these formations and
where thick deposits of alluvium have accumulated. The Silurian,
Devonian, and Mississippian shale and sandstone units along

with some of the other carbonate formations have only moderate
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potential for groundwater, and the igneous and metamorphic
rocks forming the Blue Ridge are poor sources.

Precambrian and/or Cambrian rocks (older than 600 million
years) designated as the Virginia Blue Ridge Complex form the
main core of the Blue Ridge. These rocks consist principally
of granodiorite and gneiss and crop out on the crest of the
Blue Ridge east of Elkton. Most of the Blue Ridge in Rocking-
ham County is capped by the Catoctin greenstone which was
formed by volcanic lava flows during either Precambrian or
Cambrian time. A1l of these rocks are poor groundwater
producers.

Cambrian units (600-500 million years old) consist of a thick
series of shale and carbonate rock along with lesser units of
guartzite and slate. Two important aquifers are the Elbrook
~dolomite and the Conococheague limestone. The Elbrook underlies
most of the South Fork of the Shenandoah River as it makes its
course northward from Grottoes to Elkton; two other outcrop
areas follow fault zones in the central and western parts of
the County. The Conococheague crops out in three narrow north-
east-trending belts in the central valley.

The Ordovician carbonates (500-425 million years old) com-
prise the bulk of the water-bearing formations in the County.
The Beekmantown and Edinburg formations are the two principal
aquifers, while the Martinsburg shale is a lesser yet signifi-

cant water-bearing formation. The Beekmantown is basically a
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dolomite body and covers a large portion of the valley floor.
Abundant chert in this forﬁation is responsible for many of
the rounded knobs common in the Valley. The Edinburg is a
thick limestone and shale unit exposed in several fairly wide
bglts in the central part of the County. Major population
centers, including a large part of Harrisonburg, the towns of
Bridgewater, Broadway, Dayton, ahd part of Timberville, are
developed on the Edinburg.

The Martinsburg formation, up to 3000 feet thick, is pre-
dominantly a calcareous shale with a few possible limestone
beds which may account for the fair groundwater potential
available from the unit. It is one of the most persistent
formations in the Shenandoah Valley and is widely exposed in
Rockingham County. Two large exposures flank each side of the
Massanutten Mountain, and several other outcrop belts underlie
the lowland areas elsewhere iﬁ the central valley.

Silurian rocks (425-405 million years old) consist of
relatively thin strata of sandstone, shale and limestone. Sil-
urian sandstone is highly resistant to weathering and is one of
the principal ridge-formers in the Appalachian Mountains.
Massanutten Mountain is rimmed by one of these sandstone
formations. Silurian rocks generally are poor aquifers.

Thick Devonian units (405-345 million years old) crop
out west of Little North Mountain and in Massanutten Mountain

and are comprised mainly of shale and sandstone with minor
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amounts of limestone. They offer poor groundwater prospects.

Only one Mississippian formation (345-310 million years | -
old), the Pocono, is present in the County. This massive, light-
colored sandstone is prevalent in the Hone Quarry-Rawley Springs
area and is a poor aquifer.

Triassic rocks believed to be of 230-180 million years
old are basic igneous rocks which have intruded the older
sedimentary rocks in several places, the largest of which forms
Mole Hill west of Harrisonburg. They offer very little ground-
water potential.

Quaternary materials (2 million years old-present)
constituting the youngest deposits in the County are the flood-
plain alluvium and terrace deposits above the flood plains
that represent former levels of the major streams. Notable
areas in which these deposits of gravel, sand, silt and clay
occur are along the North and South Forks of the Shenandoah
and the Dry and North Rivers. These deposits are excellent

aquifers.

Geologic Structure. Of the four major structural fea-

tures present in Rockingham County, the Massanutten Syncline

is probably the most important from a hydrogeologic standpoint.

The Syncline is basically a very large trough which extends

far beyond the County's northern and southern borders and .
includes Massanutten Mountain. A major formation in the

Syncline is the Martinsburg shale which has an east-west span
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of several miles in some places.

The Adams Run Anticline in the northwest is the other
major folded feature. This structure brings older Ordovician
rocks to the surface to form Church Mountain, the southern
terminus of which is at Fulks Run.

: Two major fault zones slice through the County in a
northeast-southwest direction. The Pulaski-Staunton fault
runs through Massanetta Springs northward just west of Keezle-
town, while the Little North Mountain fault passes west of
Briery Branch and Singer's Glen and extends northward between
Brock's Gap and Cootes Store. In both cases older Cambrian
rocks have been thrust northwestward over younger Ordovician
units,

These structural features directly influence groundwater
conditions. The Massanutten Syncline serves as a large runoff
collection area to recharge the Martinsburg shale and underlying
carbonate formations, and Church Mountain offers steep slopes to
provide recharge to the northwest section of the County. Major
fracture patterns have been developed in the carbonate forma-
tions bordering the major faults, thus facilitating infiltration

- and‘groundwater occurrence. |

Table 2 summarizes the geologic formations of Rockingham

County including their water-bearing properties. Groundwater

potential of the various geologic formations underlying the

County will be elaborated upon in the next chapter.
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Groundwater Movement and Storage

While there have been no detailed studies conducted of
groundwater movement and storage in Rockingham County, it is
recognized that a very close relationship exists between sur-
face water and groundwater. Groundwater movement and storage
are influenced by topography, rock type, and geologic structure.
and movement is generally in the same direction as surface
runoff, only much slower. Movement and storage patterns in
three different sectors can be delineated: those in a) allu-

vial deposits; b) carbonate formations; and c) shale/sandstone

units.

Movement. Elevation is the prime factor determining
groundwater movement in alluvial deposits. When the water
table is at a higher elevation than a stream bed, groundwater
will move toward the stream, thus maintaining surface flow
during dry periods. During those times of year in late summer
and early fall when the water table generally drops, conditfons
may reverse resulting in seepage of water from the stream into
adjacent flood-plain deposits.

- Groundwater movément within the thinly-covered carbonate
rocks underlying the central portion of the County is more
complex. Some of the carbonates are very dense and resistant
to the dissolving action of water while others commonly con-
tain abundant solution cavities and provide for rapid movement

and abundant storage of groundwater. The unpredictable size,
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shape, and direction of solution cavities makes groundwater
movement very erratic in the carbonates. Where highly-fractured
carbonates are exposed at the surface, optimum conditions often
exist for surface runoff to enter directly into solution
channels. Quite often a single sinkhole servés,as a major
infiltration point for groundwater recharge. Once water enters
solution cavity systems, it behaves much in the same manner as
surface streams and may discharge some distance away as a
spring. Many of the 1argé springs in Rockingham County (such
as Lacey Spring) are believed to originate in this manner.
Sometimes an entire stream may disappear in carbonate rocks
and emerge as a large spring many miles away, thus giving rise
to such names as Sinking Creek or Lost River. However, there
are no known examples of this situation in Rockingham County.
Movement in the shale/sandstone areas of the western part
of the County is relatively simple. Water infiltrates the rock
until it intersects bedding planes and then flows down-dip.
Very few fractures are found in shale, so movement patterns are

directly controlled by structure.

Storage. Maximum groundwater storage is possible in the
alluvial and terrace deposits bordering major streams. These
deposits consist mainly of coarse gravels and boulders which
provide maximum voids. The most important groundwater storage
area in this County is the alluvium bordering the South Fork

of the Shenandoah River. Other notable examples are along
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Briery Branch and Dry River in the southwest and along the
North Fork of the Shenandoah River between Timberville and

~ the Shenandoah County line.

Where the f]qod-p]ain deposits overlie carbonate rocks
with abundant solution cavities, groundwater conditions are
considerably enhanced. Not only do these deposits provide for
storage at shallow depths, but deeper wells can often tap
abundant supplies stored in the cavernous bedrock.

Storage in carbonate rocks depends, as with movement, on
the rocks' resistance to the dissolving action of water. Large
solution voids sometimes act as reservoirs, and fractures
resulting from structural activityvcan contain vast amounts of
water.

The shale formations as well as most of the sandstone units
seldom afford adequate groundwater storage. A possible excep-
tion is the Martinsburg shale unit underlying much of the
central valley portion of the County. The unit is situated in a
syncline which tends to divert and collect groundwater along the
structural trough even though the rock composition does not
favor significant storage. Shale units west of Little North
Mountain, however, have undergone relatively insignificant
structural changes and are not considered good for groundwater
storage. The absence of large springs and the fact that Dry
River sometimes ceases to flow during the late summer months

seem to bear this out.
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CHAPTER IV

GROUNDWATER POTENTIAL AND DEVELOPMENT

Groundwater Potential

The groundwater potential of an area is the ability of
that area to yield groundwater. Potential is a relative guide-
line determined mainly by rock type, though factors such as
topography and geologic structure are also important.

Owing to the diversity and complexity of the hydrogeologic
environment, obtaining groundwater in Rockingham County is not
a simple matter of putting down a hole as it can be in rela-
tively uniform hydrogeologic areas such as the Coastal Plain
of Virginia. Five major hydrogeologic units are delineated on
Plate 6: Cambrian and Precambrian basement formations; Ordo-
vician and Cambrian carbonate formations; the Martinsburg
formation; Mississippian, Devonian and Silurian formations; and
alluvium, terrace and flood plain deposits. On this basis,
three major hydrogeologic areas have been defined in the
County: the Blue Ridge; the Central Valley; and the area west
of Little North Mountain.

Specific water-bearing characteristics of each of these
areas is discussed below. The information is based mainly upon .

well construction and pumpage data presently available.

Blue Ridge Area. Poor groundwater potential characterizes
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this region. The igneous and metamorphic rocks which make up
the Blue Ridge and its environs are typically very dense and
contain no pore spaces in which water can collect and move.
Water is generally confined to a few small cracks and fractures
occurring near the surface where the material may have been
subjected to weathering. Fractures that do exist usually are
not large enough to supply more than a few gallons per minute.
Other factors contributing to the unfavorable conditions for
groundwater are the steep slopes resulting in a high rate of
runoff and the shallow soil cover reducing the amount of in-
filtration. However, these factors are secondary; gentle
slopes and thick soils would result only in a very limited in-
crease in potential due to the poor porosity and permeability

of the rocks in this area.

Central Valley Area. The central valley, the best ground-

water potential zone in this County, includes the area between
the western toe of the Blue Ridge and the eastern base of
Little North Mountain. Although Massanutten Mountain is located
within these boundaries, it will be discussed under "Area West
of Little North Mountain" due to its hydrogeologic similarity
with that sector.

The carbonate formations and the overlying alluvial and
terrace deposits along the west toe of the Blue Ridge offer
maximum groundwater potential in Rockingham County. This high-

potential area stretches the length of the County and is capable

50




of yielding many millions of gallons of water daily. It ranks
as one of Virginia's better groundwater-producing areas west of
the Coastal Plain province.

A number of factors combine to account for this remarkable
high-potential area. The present-day flood plain and the older
terrace deposits of the Shenandoah River are a mile wide in
places and may exceed 100 feet in thickness. The terraces are
step-1ike and are formed of alluvial material, mostly sand and
gravel, deposited by the River as it flowed at higher elevations
in the past. The extreme width can be attributed to extensive
meandering as the River snaked its way along the western base
of the Blue Ridge.

These unconsolidated sediments receive abundant recharge
in the form of runoff, both surface and subsurface, from the
west slope of the Blue Ridge. Groundwater is transmitted along
bedding planes of the westward-dipping rocks and is channeled
toward the South Fork via the alluvium. These conditions,
plus the fact that the entire alluvial area is traversed by the
River, account for the exceptionally high groundwater potential.
In addition, the alluvium recharges the carbonate aquifers
underlying the River, terraces and flood plain. In periods of
high flow the stream acts as a source of recharge to the sur-
rounding sediments. The area can be likened to a large sponge
collecting runoff from the Blue Ridge and infiltration from

the River.
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The carbonate aquifers west of the South Fork of the
Shenandoah River are far less productive than those overlain by
the alluvial deposits, yet they offer a very good source of
groundwater for both domestic and non-domestic supplies. It
should be emphasized, however, that although these formations
offer fairly good potential, their yield is highly variable and
unpredictable due to their physical and chemical characteristics.

Some of the limestone in this region is susceptible to
formation of extensive solution channels and cavities capable
of producing large quantities of water. Other limestone units
and some of the dolomite formations are less susceptible to
solution action, yet they too are considered reasonably relia-
ble water producers.

Structural conditions are a very important factor in
determining the groundwater potential of the central valley
since they create several distinct areas where the same water-
bearing formation may be developed. 'The Massanutten Syncline
has caused each of the Ordovician carbonate formations to sur-
face twice between Keezletown and the South Fork of the Shenan-
doah Riverf Additional folding and faulting has caused most of
these same units to appear at or very near the surface at
several other places from Keezletown west to Little North
Mountain. Faulting has fractured and sheared the rock to create
numerous water collection areas in addition to determining the

location of many of the units.
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Pumpage from the. carbonate>formations, particularly those
- overlaimby the alluvial and terrace deposits.along the South
Fork, can-1ikely be:doubled: over present-development. It is
imperative, however, that responsible groundwater management:
practices are observed so that maximum potential may be realized.
The Martinsburg formation is principally a sﬁé]e unit and
does not have the potential for groUﬁdwater development common
to the carbonate formations. A significant number of wells
with marginal productivity have been drilled in the Martinsburg.
It is more productive than the average shale unit, though, and
is a fairly reliable domestic supplier. This is probably due
to the possible existence of minor 1imestone beds and the cal-
careous nature of the shale; geologic structure may also be a
contributing factor. The Martinsburg is one of the major folded
units and serves as a large catchment for runoff from Massanutten.
Mountain. This folding combined with the probable fracturing
along the axial portion of the Syncline enhances the ground-

water capabilities of the formation.

Area West of Little North Mountain. Poor to fair ground-

water potential is the rule in the western third of the County.
A1l the Mississippian, Devonian and Silurian formations are
principally shale, sandstone and quartzite units which are

. openly folded and have undergone relatively little deformation.
The resultant lack of fractures leaves few places for ground-

water to collect, store and move.
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The only occurrence of these units east of Little North
Mountain is in Massanutten Mountain. Though severely deformed,
the rocks in this area offer extremely limited groundwater

potential.

Groundwater Development

Groundwater is the principal source of water supply for
the major portion of this County. Well over half the population
is supplied by groundwater systems (excluding the independent
city of Harrisonburg which is supplied by surface water). Five
of the seven incorporated towns, Dayton, Elkton, Grottoes, Mt.
Crawford and Timberville, use groundwater. Of these, all but
Mt. Crawford has a public system. A large percentage of
housing developments and industry tap groundwater resources, and
virtually all domestic systems are supplied by wells or springs.

Daily groundwater withdrawal in Rockingham County is
probably about 15 million gallons per day (mgd). Industry alone
accounts for over 8 mgd; commercial systems utilizing ground-
water account for less than 1 mgd. Public and domestic systems
1ikely use close to 6 mgd. Virtually all industrial pumpage is
derived from the terrace and flood plain deposits of the South
Fork of the Shenandoah River, while most domestic, commercial
and public supplies tap the central valley carbonate formations.

Groundwater development is confined mainly to the valley - .
(including the South Fork alluvial deposits) between the Blue

Ridge and Little North Mountain. Sparse domestic development
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has been accomplished in the higher elevations to the east and
west, but very few data are available. The Kettle area of
Massanutten Mountain has been developed commercially and is
covered briefly in the following discussion.

The data presented below assumes no differentiation be-
tween domestic wells and those used for public, industrial or
commercial supplies. In practical terms, developers of indus-
trial and public systems will be able to spend a greater amount
of money than the average homeowner interested in developing a
domestic supply. Domestic wells, as a result, are generally
shallower and equipped with smaller capacity pumps and conse-
quently exhibit smaller yields than the larger wells necessary
for industry and municipalities.

The Cambro-Ordovician carbonates and the Martinsburg
formation have been developed to a far greater extent than the
remaining formations. Table 3 shows the depth yield relation-
ships for these two hydrogeologic units.

Carbonate Formations. Very few wells in carbonates in the

County produce less than 10 gallons per minute (gpm). The
average well yields 20-50 gpm, and many have production in the
order of hundreds of gpm, though-most of these tap formations
overlain by alluvial deposits. Water zones may be encountered
as deep as 500 feet, though seldom deeper, and it is common
for a well to tap multiple water zones. Most wells in car-

bonates in the County are drilled approximately 300 feet, but
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TABLE 3

AVERAGE YIELD (GPM) BY WELL DEPTH FOR THE CAMBRO-ORDOVICIAN
CARBONATES AND THE MARTINSBURG FORMATION IN ROCKINGHAM COUNTY*

CAMBRO-ORDOVICIAN MARTINSBURG

Depth (ft) CARBONATES FORMATION
0-99 410 (11) No Data
100-199 24 (30) 11 (12)
200-299 118 (27) 111 (4)
300-399 192 (21) 68 (4)
400-499 39 (16) 6 (3)
Below 500 39 (22) 27 (7)

*Parentheses ()} indicate number of wells used in making yield
calculation for a particulr depth. A1l yields rounded.

Source: Virginia State Water Control Board - VRO
wells in the 400-600 foot range are not uncommon.

The Beekmantown and the Edinburg formations are the two
major water-bearing carbonate formations in Rockingham County
with the exception of the Rome and Elbrook formations which are
traversed by the South Fork of the Shenandoah River. According
to available data, the average Edinburg well is around 250 feet
deep and produces approximately 35 gpm. Depths range from 70-790
feet and yields range up to 250 gpm. Wells less than 200 feet
deep have an average yield of around 15 gpm, and those deeper than
200 feet average from 20 to 50 gpm. Wells drilled from 400 to
500 feet deep have produced on the average around 25 gpm.

The Beekmantown seems to be the more productive of the two
formations. From data collected thus far, it appears that
better production is possible at shallower depths than is
generally necessary in the Edinburg. Wells in the Beekmantown

average around 350 feet in depth with an average production of
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about 45 gpm. Reported depths range from 90 to 800 feet, and

. yields range up to 313 gpm. Wells less than 200 feet have an
average yield of nearly 30 gpm, and those greater than 200 feet
average from 35 to 83 gpm. The greater average yield, 83 gpm,
is for wells between 400 and 500 feet deep.

Two of the most notable Beekmantown wells are those
supplying the town of Timberville (85 and 131). Both are
drilled very close to the North Fork of the Shenandoah River
and are likely recharged by the stream. Producing more than
250 gpm each, they bear out the fact that high yields are
generally available in alluvial areas. A 309-foot well in
Montezuma drilled in the alluvium bordering the Dry River yields
60 gpm, yet a well just across the river (230) yields only 15
gpm. The large difference is probably attributable to the
latter wé]l being drilled to a depth of only 105 feet.

Mud seams are commonly encountered in carbonate rocks, par-'
ticularly in the Beekmantown and Edinburg formations. Mud seams
are solution channels which have become filled with sediment by
the continued process of water infiltration. The channel is
generally able to transmit water, though it is extremely muddy,
and must be pumped sometimes as long as a week before the water

- clears. Occasionai]y the water cannot be cleared, and the hole
must be abandoned. Mud seams have been reported in every sector
of the County underlain by carbonate rocks.

A very limited amount of data are available from the remain-
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ing carbonate formations. A1l of the units can likely be

developed to yield small to moderate quantities of water with ’ -
the highest potential available where alluvium-covered flood

plains traverse the rocks. Table 4 lists depth-yield relation-

ships for the major carbonate formations.

Martinsburg Formation. The Martinsburg formation is

principally a calcareous shale unit with some possible limestone
beds. Covering a large portion of the valley floor, the unit

is one of the most important sources of domestic groundwater
supplies but is less adequate and reliable for pub]ic and
industrial systems.

The average domestic well in the Martinsburg unit is
around 150 feet deep and produces little more than 10 gpm.
Depths range from 120-220 feet, and the highest reported yield
is 20 gpm. The average non-domestic well (commercial, public,
industrial, institutional) is 470 feet deep and producés just
under 60 gpm.

The highest yield reported from the Martinsburg formation
is 325 gpm obtained from a 200-foot well (104) owned by the
Massanutten Development Company on the eastern foot of Massa-
nutten Mountain. Indeed, the only wells having a reported
yield above 40 gpm are all owned by that Company. Three other
wells (132, 133, 134) on the western slope of the Massanutten .
owned by them have all yielded over 100 gpm. All of these

wells are situated favorably to receive recharge from the
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mountain slopes.

On the other hand, wells drilled in the Martinsburg where
recharge conditions are less favorable usually produce meager
amounts of water. A well (174) at Donnagail Subdivision was
drilled to a depth of 910 feet and encountered only 8 gpm. Well
(177) was drilled in the same area to a depth of 505 feet and
yielded 25 gpm; two other wells taken to 608 feet each yielded
only 6 gpm and 11 gpm, respectively. The wells at Donnagail
also serve as a good illustration that dri]]ing'deeper will not

always result in higher_y1e1ds.

Water Well Development. The locations of approximately

100 wells are jndicated on the accpmpanying map (Plate 8). They
are representative of the County as a whole as far as density,
total depth, static water level, yield and drawdown are con-
cerned. In many cases several wells in the same area have been
cited because quite often wells in similar geologic and topographic
conditions will be totally different in many other characteristics.
Often two wells less than 100 feet apart will vary significantly

in yield, depth, and static water level as well as quality due

to lithologic and structural differences. A complete listing

of these and other wells, as well as definitions of some basic

terms, is given in Appendix B.

Public Systems. Eighteen public systems are presently

supplied by groundwater in Rockingham County. A public system
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is defined by the Virginia State Department of Health as one
which serves more than 25 individuals or more than 15 resi-
dential connections.

The average depth of public supply wells in this County is
between 425 and 475 feet. VYields range from 1 gpm to 1016 gpm.
Aside from a few 10- and 12-inch wells, the great majority have
6-inch diameter casings.

Fourteen of the systems are drilled in carbonate rocks,
nine of them tapping the Beekmantown formation. A1l appear to
supply adequate volumes of water, and the Elkton well (86) which
penetrates the carbonate rock underlying the South Fork alluvial
deposits reportedly delivers better than 1000 gpm. A well (73)
in this same geologic setting which supplies the town of Grottoes
reportedly pumps 200 gpm with a drawdown of only five feet. The
town of Dayton is suppiied by Silver Lake (196), a spring-fed
lake with a safe dry weather yield of about 5 mgd.

Construction and location of public water supp1y systems is
regulated by the Virginia State Department of Health and must be
in compliance with the requirements and standards described in

Waterworks Regulations (Public Drinking Water Supply), pub-

lished by that Department.

Industrial Systems. Few industries in this County utilize

groundwater sources. The major user is the Merck and Company
Chemical Division located on tHe east bank of the South Fork of
the Shenandgah River just south of Elkton. Table 5 lists average

daily pumpage figures for Merck for the years 1970-1975.
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TABLE 5

AVERAGE DAILY GROUNDWATER WITHDRAWALS, 1970-1975
MERCK CHEMICAL DIVISION, ELKTON, VA.

YEAR AVERAGE PUMPAGE (GPD)

1970 7,871,927

1971 _ 9,019,155

1972 8,248,825

1973 7,863,024

1974 8,348,612

1975 7,231,851
6-year average 8,097,232

Source: Virginia State Water Control Board - VRO

The present flood plain and ancient terrace deposits‘are
very thick here and are underlain by shale and limestone beds
of the Rome and Elbrook formations. Five of the Merck wells
bottom out in the E]brook'and four of them extend into the ?
Rome; all are prolific producers. Reynolds Metals Co., lo- ;
cated just across the Augusta County line in Grottoes, is ;
currently pumping approximately 3 mgd from the same alluvial ]
deposits. 1
The other industrial wells are, almost without exception,
located in Timestone units. Daily withdrawals range from less
than 1000 gpd to nearly 80,000 gpd. Table 6 Tists the major
industrial users in Rockingham County and their average daily .
withdrawals.
Industrial well depths range from 68 to 615 feet and av-

erage around 235 feet. The deepest well (120), owned by Valley

64




TABLE 6
MAJOR INDUSTRIAL GROUNDWATER USERS IN ROCKINGHAM COUNTY

User Average Pumpage (gpd)

Bond Lumber and Millwork © 1,000
Jordan Bros. Hatchery 2,000
Merck Chemical Division 8,097 ,232**+
National Fruit Products 16,074**
Rockingham Sleepwear 1,297%*
Sarco Corporation 12,000
Shen-Mar Food Products 14,225%*
Superior Concrete 1,000
Valley Protein 19,000
Wampler Foods 77,760

TOTAL 8,241,588

+6-year average from Table 5
**Metered systems; all others estimated

Source: Virginia State Water Control Board - VRO

Protein at Linville, is the only industrial well known to be
drilled in a shale formation. Well diameters are generally six
inches or less with the exception of the Merck and Company wells.

Several of these have diameters ranging from 14 to 20 inches.

Domestic Wells. Over two-thirds of the estimated 7000

domestic wells located in this County have been drilled in car-
bonate rocks, particularly the Beekmantown and Edinburg forma-
tions. The Beekmantown appears to be the most suitable

domestic supplier and boasts half of the development. A large
number have been drilled in the Edinburg formation, though it is
typically a poor groundwater producer. The remaining carbonate

formations are relatively well-suited to domestic water supply
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development.

Though shale is typically a very poor aquifer, the Martins-
burg formation is an important domestic supplier in the study
area. This is due to the existence of possible limestone beds
and of many fractures, which is favorable to groundwater occurrence.
The Devonian and Silurian shale and sandstone formations, however,
are regarded as very poor groundwater units but may be developed
for very small domestic supplies.

Domestic wells greater than 500 feet are uncommon. Only
seven percent of those dn file exceed that depth, and all are
carbonate wells. There appears to be very little difference
in drilling depth between the carbonate formations and the
Martinsburg shale.

Diameters for all domestic wells on record, except dug wells,
are between four and six inches. Dug wells usually range from
36 to 48 inches.

Production as a rule is under 20 gpm. Forty percent yield
between 10 and 20 gpm; 30 percent yield less than 10 gpm. Of
the remaining 30 percent, only three are reported to yield 50
gpm or greater. Beekmantown wells seem to be the most prolific
as exemplified by two 40-gpm wells in the McGaheysville-Elkton
area (35 and 244). Well (242) just north of Montezuma was tested
at 30 gpm. Most Edinburg wells produce less than 10 gpm, and
many are under 5 gpm. Martinsburg yields range between 10 and
20 gpm, while production greater than 3 or 4 gpm is rare in the

Devonian and Silurian shale and sandstone units.
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Springs. Springs are the result of a natural flow of
groundwater to the surface and are important sources of water
in the central valley portions of the County. At least four
public water systems are supplied wholly or in part by springs,
and smaller springs supply many domestic and fa}m operations,
The most prolific and largest number of springs issue from the
carbonate formations; smaller springs may be found in the shale -
and sandstone units. Hundreds of small springs and groundwater
seeps are present in the Blue Ridge area, but very few have been
developed as water supplies due to extreme seasonal fluctuations.

Some of the more notable springs include: Lacey Spring,
nine miles northeast of Harrisonburg, reported to yield 4,000
gpm; Silver Spring which feeds Silver Lake at an approximate
rate of 3,500 gpm and is the wéter supply. for the town of Dayton;
Bear Lithia Spring, a mile north of Elkton, yielding 1,000 gpm;
the Massanetta Springs, four miles southeast of Harrisonburg,
one of which flows at 400 gpm; the Town of Timberville Spring,
which flows at a reported 275 gpm rate; the Town of Elkton
Spring, with a reported yield of 175 gpm; Spring Creek, which
feeds a Targe natural basin near Spring Creek Post Office re-
ported to be greater than 90 feet deep; and Rawley Springs, the
site of a late 1800's resort established around three small
springs purported to have medicinal effects.

Tide Spring, four miles southwest of Broadway, is a very
unusual spring in that it ebbs and flows periodically with no

apparent regularity. According to Brent (1960}, at times the
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flow exceeds 1,000 gpm; 15 minutes later the basin is often dry.
Cady (1936) reported that only about 20 of these springs are
known in the United States and a like number throughout the -

rest of the worid.
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CHAPTER V
GROUNDWATER QUALITY

Introduction

The quality of groundwater refers to its chemical, phy-
sical and biological characteristics. Groundwater contains
dissolved mineral matter, has physical characteristics such as
temperature, taste and odor, and may contain bacterial organ-
jsms. These factors are controlled in part by atmospheric
gases, weathering and erosion of rock and soil, and the
activities of man. Groundwater quality is highly influenced
by the nature of the rock and soil with which it comes in
contact since temperature, pressure and duration of contact
determine the amount of dissolved minerals it contains.

Soil is nature's most efficient system of filtering water.
Water infiltrating through thick soil cover stands an excellent
chance of being purged of its harmful constituents or having
them reduced to harmless concentrations. However, in areas
where rock is exposed at the land surface, particularly in
carbonate regions where the rock is prone to fracturing and
solution activity, the water is introduced directly into the
groﬁndwater regime without thé benefit of filtering. Lacking
this cleansing action, it may carry chemical and biological
pollutants which are capable of degrading the groundwater re-

sources of an entire area.
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More than 60 constituents and properties are frequently
included in groundwater quality analyses. Many can be highly
toxic and extreme health hazards, some are undesirable yet
harmless unless in very unusual concentrations, and others are
necessary for bodily functions and general good health. Par-
ameters such as arsenic, cadmium, chromium, cyanide, mercury
and lead are extremely toxic while others such as copper, iron,
manganese and zinc are generally undesirable but may be hazard-
ous in large concentrations. Any groundwater supply intended
for drinking purposes should be analyzed by the Virginia De-
partment of Health. Table 7 is a summary of common quality
parameters, their recommended limits, and hazards and benefits

associated with them.

Groundwater Quality By Hydrogeologic Area

Groundwater quality varies across Rockingham County by
hydrogeologic area. Quality as a rule is good, but isolated
problems do exist. Plates 9 and 10 depict hardness and total
dissolved solids values, and Table 8 is a comparison of common
quality indicators for the three hydrogeologic areas. A com-

pilation of quality data appears in Appendix C.

Blue Ridge Area. Based on the limited quality information

available for the Blue Ridge region, natural groundwater quality
appears to be quite good. A limited amount of drilling has been

done in Shenandoah National Park, and according to DeKay (1972),
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all wells sampled were very low in dissolved mineral matter.
Values for both hardness and total dissolved solids consistently
registered below 100 mg/1; a very few high iron values have been

recorded. .

Central Valley Area. The following discussion will

delineate the two distinct quality trends characteristic of the
carbonate formations and the Martinsburg formation. The
Massanutten Mountain area, however, has not been included due
to a total lack of quality information; the reader is referred
to the section in this chapter entitled "Area West of Little
North Mountain" since the two are hydrogeologically similar.

Total dissolved mineral matter in the carbonate rocks
seldom exceeds recommended concentrations for potable water,
but hardnessvcommonly poses problems. Hardness in thesé for-
mations averages approximately 285 mg/1. The corridor parall-
eling Route 11 between Mt. Crawford and Harrisonburg exhibits
the three highest hardness readings in the County: 631 mg/1,
635 mg/1, and 997 mg/1 at wells (52), (171) and (205), re-
spectively. Values of 400 mg/1 or higher are not uncommon in
this corridor. McGaheysville and the aréa just east of Lin-
ville also show unusually high hardness readings.

Several of the individual carbonate formations produce
water of varied hardness. The Concocheague limestone formation
tends to be far below the County average, the mean being less

than 150 mg/1. Well (45) near Ottobine has a hardness of

78




118 mg/1 while Bear Lithia Spring (128) just north of Elkton
has been measured at 78 mg/1. Water from both the Beekmantown
and Edinburg formations averages above 300 mg/1 in hardness,
the latter being nearly 370 mg/1. The Route 11 corridor
mentioned as having the highest hardness readings is underlain
by the Edinburg.

Iron is fairly low in all the carbonates except for the
Edinburg. As with hardness, several of the Mt. Crawford area
wells are high in iron, and a few Edinburg wells elsewhere have
produced water with iron concentrations as high as 1.0 mg/7.
Average manganese values are well within the accepted limits
for all carbonate units. Sulfate and chloride trends are well
below average, but noticeably higher values for both parameters
have been obtained in the corridor north of Mt. Crawford.
However, none of these values exceed recommended limits. Sul-
fates of 25.4 mg/1 and 16.4 mg/1 for wells (209) and (210),
respectively, are amdng the highest recorded in the County as
compared with other carbonate wells exhibiting sulfates in the
5-to 6 mg/l range. The highest chloride reading, 83 mg/1, has
been recorded in well (206), also located in this corridor.

Quality trends in the Martinsburg formation are distinctly
different from the carbonate trends for most parameters. Owing
to the fact that the unit is predominantly an extremely calcium-
rich shale, hardness tends to be very high relative to other
shale units but is still less than the carbonates with an

approximate 250 mg/1 average. Wells (4) and (14) two miles

79




east of Bridgewater, however, are well in excess of 300 mg/T.
Iron and sulfur concentrations are decidedly higher than
in the carbonates. The highest iron value recorded is 2.40 mg/1
from the Bridgewater Air Park well (92). However, average iron
content in the Martinsburg throughout the County‘is not above
the Drinking Water Standards established by the Virginia Depart-
ment of Health. Sulfate concentrations of 123.0 and 109.6 have
been recorded from two wells (108 and 110, respectively) at

Donnagail Subdivision.

Area West of Little North Mountain. Very few wells have

been drilled in the Devonian, Silurian and Mississippian units
of Rockingham County, and even fewer quality analyses are
available. The only wells for which quality analyses are on

. file have been constructed in Devonian shale.

Quality trends in this area are typical of most shale
regions. The pH is slightly lower than Corresponding values
for the carbonates and the Martinsburg, and total dissolved
solids are significantly lower. The main benefit derived from
wells in this area is the relatively low hardness. Although
the water is classed as "moderately hard" since the average
value is just above 100 mg/1, this is less than half the con-
centration found in other areas of the County. This is due
mainly to the low concentrations of calcium and magnesium nor-
mally found in shale.

Extremely high iron concentrations offset the benefits of
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reduced hardness. In all cases on record, iron from the
Devonian shale formations is in excess of State Drinking Water
Standards; just east of Bergton values range from 0.7 mg/1 to
3.70 mg/1 in wells (200) and (199), respectively. Very high
sulfate values are Suspected, though no data are available for

verification.

Suspected Groundwater Quality Problems

Isolated quality problems have been detected in a few places.
Most of these problems are isolated cases of one or two parame-
ters in excess of the Drinking Water Standards established by
the Virginia Department of Health, though hardness presents
problems in all areas except the Blue Ridge and the area west
of Little North Mountain. One area, however, exhibits quality
trends significantly different from those throughout the re-
mainder of the County.

The area is & corridor approximately three miles long
which roughly parallels U. S. Route 11 from Mt. Crawford to
Valley Bowling Lanes, just south of Harrisonburg. The unusual
samples appear to be confined to the Edinburg formation. Of
16 wells sampled along this stretch, eight have hardness values
in excess of 350 mg/1; several exceed 400 mg/1, and well (205)
has a calculated hardness of 997 mg/1. Iron values are high
(0.4 mg/1) for two wells in the vicinity of the State Police
Headguarters. Calcium values as high as 380 mg/1 have been

noted, chloride values are far higher than anywhere else in the

81




County, and nitrate values in excess of the Drinking Water

Standards are not unusual. Possible petroleum contamination

has been reported on several occasions. -
Although most parameters do not exceed Drinking Water

Standards, unusually high values may be either natural or

man-induced phenomena and indicate potential quality problems.

Pollution

Groundwater pollution in carbonate areas can be prevented
by careful management of all potential pollutants. Septic
tanks have high potential for pollution inAthose areas where
soil cover is thin. Barnyards and feedlots are also a poten-
tial problem because the County is highly developed agricul-
turally.

Pollutants may be introduced into solution cﬁanne]s via
exposed bedrock and sinkholes and in areas lacking sufficient
soil cover. Sinkholes are a major threat because people tend
to use these depressions in the land surface for the disposal
of trash, rubbish, dead animals, etc. The absence of an ade-
quate soil cover at the bottom of the sinkhole means simply
that water passing through the overlying rubble is not filtered
of harmful constituents before it enters solution channels
beneath the depression. These pollutants may spread to areas
being tapped as groundwater sources by unsuspecting consumers.

Groundwater pollution is a more serious problem than

stream pollution. There is no way to treat an aquifer system,

82




so all purification must be done on an individual basis. Once
pollutants enter the groundwater in carbonate regions, they may
travel many miles in unpredictable patterns and persist for
years.

Hydrocarbon contamination caused by leakage from fuel
storage tanks, lines, or spillage from trucks is often a
problem in carbonate areas. Two recent incidents have occurred
at Lacey Springs and just south of Harrisonburg along U.S.
Route 42. The source of the Lacey Springs incident is believed
to have been an underground gasoline storage tank while the
Harrisonburg problem was caused by an 0il spill in a small
stream which apparently entered groundwater and caused well

pollution in the area.
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

. Conclusions

Three major hydrogeologic areas have been identified in
Rockingham County: the Blue Ridge; the central valley area;
and the area west of Little North Mountain. In addition, the
central valley contains three major units: carbonates overlain
by the alluvial deposits of the South Fork of the Shenandoah
River; the carbonate formations west of the RiQer; and the
Martinsburg shale.

‘The Blue Ridge area offers the lowest potential and is
least developed. The rocks in this region are dense and afford
very little chance for water to collect and move. Steep slopes
reduce groundwater recharge. Ironically, water gquality in this
area is better than anywhere else in the County due to a very
low content of dissolved mineral matter.

The area west of Little North Mountain, composed of Silur-
jan, Devonian and Mississippian shale and sandstone formations,
offers poor potential and is sparsely developed. Small domestic
supplies can usually be developed in the area, but larger
supplies cannot be realized. Hardness is relatively low; iron
values tend to be in excess of Virginia Department of Health
Drinking Water Standards. Associated high sulfate values are

common.
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The central valley offers the best groundwater potential.
Maximum groundwater storage is possible in the alluvial and
terrace deposits bordering the major streams, most notably the
South Fork of the Shenandoah River. Limited industrial devel-
opment has been accomplished in these units: Merck Chemical
Division south of Elkton and Reynolds Metals, located just
across the Augusta County line in Grottoes, presently withdraw
a combined total of nearly 9 mgd.

Storage and movement in the central valley is highly
variable and complex due to the erratic nature of solution
channels in carbonate rocks. Industrial, commercial, public
and domestic wells have been successfully developed in all
the carbonate units, though mud seams are a recurring problem.
Water quality is generally quite acceptable with the exception
of very high hardness.

The Martinsburg shale formation offers fair potential
and is a reliable source for domestic use. It should not be
considered, however, for uses intended to be greater than
domestic or small commercial uses. Water quality is nearly
identical to that of the carbonate formations with the excep-
tion of iron and sulfate concentrations. These values tend
to run far higher on the average and may exceed Drinking Water
Standards imposed by the Virginia Department of Health.

Future development can likely double present development .

in all areas without adverse effects as long as responsible
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groundwater management practices are observed. Strict manage-
ment is vital in the South Fork alluvial deposits to make op-
timal use of their groundwater potential.

Groundwater pollution, particularly in carbonate regions,
can be prevented by careful management of all potential pollu-
tants. Septic tanks, barnyards, feedlots and buried fuel
storage tanks are potential sources.of pollution in carbonate
regions. Sinkholes are a serious threat to groundwater because
they often are used as trash disposal areas and consequently
introduce pollutants directly into the subsurface. In some
cases, polluted groundwater may take generations to recover.

A corridor three miles in length between Mt. Crawford and
Harrisonburg in the Edinburg formation has unusual quality
relative to the rest of the County, though no major health

problems have been noted.

Recommendations

(1) The alluvial and terrace deposits of the South Fork
of the Shenandoah Rivef and the underlying carbonate formations
shou]d'be regarded as having the best groundwater potential in
Rockingham County and could support large industrial demands.
(2) The central valley carbonate formations can usually be
adequately developed for domestic, commercial, public and in-
dustrial supplies if well sites are selected to take maximum

advantage of topography and geology.
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(3) The Martinsburg formation can continue to provide
adequate domestic supplies and limited supplies for small
commercial and public uses.

(4) The Blue Ridge and the area west of Little North
Mountain should be considered only for development of small
domestic supplies.

(5) Quality should be the first consideration when
considering groundwater as a supply in the U. S. Route 11
corridor between Mt. Crawford and Harrisonburg.

(6) Hardness should be a consideration when developing
carbonate formations.

(7) When the need to develop groundwater arises:

(a) consulting hydrogeologists,.well drillers and
representatives of this Agency are available for information
and advice;

(b) the State Department of Health must be contacted
pursuant to developing a public supply well and should be con-
tacted when developing a domestic drinking water supply;

(c) reports and samples required by the Groundwater

Act of 1973 are to be filed with the State Water Control Board.
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APPENDIX A
MAP OF SELECTED WELLS AND SPRINGS
IN ROCKINGHAM COUNTY

The accompanying Rockingham County map (Plate 11) shows
locations for approximately 150 of the nearly 256 wells and
springs indicated on the computer printout appearing in
Appendix B. They are representative of the County as a whole
as far as density is concerned. The numbers appearing next
to each well/spring may be cross-referenced with the infor-

mation contained in Appendices B and C.
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APPENDIX B

SUMMARY OF WATER WELL DATA FOR ROCKINGHAM COUNTY

The computer printout on the following pages lists
basic well data for wells in Rockingham County. This printout
is updated frequently to include information from new Water
Well Completion Reports which are constantly being submitted
by water well drillers. The information under the heading

"Aquifer" may be cross-referenced with Table 2, Chapter IIT1.

B-1
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APPENDIX C
SUMMARY OF GROUNDWATER QUALITY ANALYSES FOR ROCKINGHAM COUNTY

The computer printout on the fo}]owing pages lists
basic groundwater quality data available for many of the wells
listed in the water well data summary (Appendix B). There
are some quality analyses listed for wells not included in
Appendix B; however, well data is available for these wells
and may be obtained by contacting the State Water Control
Board's Valley Regional Office in Bridgewater or the Head-

quarters Office in Richmond.
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ALLUVIUM:

ANTICLINE:
AQUICLUDE:

AQUIFER:

BEDDING PLANE:

BEDROCK:

CALCAREQUS:

CARBONATE ROCK:

CATCHMENT:

CLASTIC:

APPENDIX D

Glossary of Terms

A general term for sediments deposited during
recent geologic time by a stream or other body
of water.

An upward fold in rock strata.

A geologic formation, group of formations or
part of a formation which is not permeable

enough to furnish an appreciable supply
for a well or spring.

A geologic formation, group of formations or
part of a formation capable of supplying water
to wells and springs in usable quantities. An
aquifer is unconfined (water table) or confined
(artesian) depending on whether the groundwater
level is at atmospheric pressure or greater
than atmospheric pressure due to the presence
of an overlying, confining geologic formation
(aquiclude).

The diversion plane in sedimentary or strati-
fied rocks which separates the individual
layers, beds, or strata.

Any solid rock exposed at the surface or over-
lain by unconsolidated materials.

Containing calcium carbonate.

A rock consisting chiefly of carbonate minerals
such as limestone and dolomite.

The area comprising the actual water intake
area for aquifer recharge and all areas that
contribute surface water to the intake area.

Consisting of fragments of rocks or of organic
structures that have been transported mechani-
cally to a place of deposition. Sandstone and
shale are the most common clastics.
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COLLUVIUM:

DIP:

DRAWDOWN :

EVAPOTRANSPIRATION:

FAULT:

FLOOD PLAIN:

FOLD:
FORMATION:

FRACTURE:

GPD:
GROUNDWATER:

'HYDROLOGY:

IGNEQUS:

IMPERMEABLE:

Loose soil material or rock fragments deposited
by the action of gravity, usually at the base
of a slope or cliff.

The angle at which a rock bed is inclined from
the horizontal.

The measured difference between static level
and pumping level in a well; the drop in the
water level due to pumping.

A term embracing that portion of the precipi-
tation returned to the air through direct evap-
oration or by transpiration of vegetation, no
attempt being made to distinguish the two.

A fracture or fracture zone along which there
has been movement of two rock masses relative
to one another parallel to the fracture. The
movement may be a few inches or many miles,
horizontal or vertical.

The strip of relatively smooth land adjacent
to a river channel and built of alluvium
carried by the river during floods. The flood
plain is covered by water when the river is in
flood.

A curve or bend in rock strata.

A unit of geologic mapping consisting of a
large stratum of some one kind of rock.

Breaks in rocks due to intense folding or
faulting.

Gallons per day.

Water below the water table; water in the zone
of saturation. ‘

The science that relates to the water of the
earth.

Rocks or minerals that solidified from molten
rock (magma).

Having a texture which does not allow percep-
tible movement of water through rock.




INTRUSIVE:

JOINT:

KARST TOPOGRAPHY:

LITHOLOGY:
METAMORPHIC:

MGD:
PERCOLATION:

PERMEABILITY:

POROSITY:

PUBLIC SUPPLY:

PUMPING LEVEL:

RECHARGE :

RUNOFF:

SEDIMENT:
SEDIMENTARY:

Refers to igneous rocks which have penetrated
into or between older rocks while molten but
have solidified before reaching the surface.

A fracture in rock along which no appreciable
movement has occurred. Joints are generally
perpendicular to bedding planes.

Topography characterized by sinking streams,
sinkholes, caves and similar features indica-
tive of underground drainage developed through
the solution of bedrock.

The composition and structure of rock.

Refers to any rocks derived from pre-existing
rocks in response to pronounced changes of
temperature, pressure and chemical environment.

Million gallons per day.

Movement of water through the interstices of
rocks or soils except movement through large
openings such as solution channels.

The ability of a rock, sediment or soil to
transmit water.

The property of a rock, soil, or other material
of containing spaces or voids.

As defined by the Virginia Department of Health,
a water system serving 25 individuals or more
than 15 residential connections.

Depth to water in a well when the well is
being pumped.

The addition of water to an aquifer by natural
infiltration or artificial means.

That part of precipitation that appears in sur-
face streams. Groundwater recharge is that
part of runoff which has existed as groundwater
since its last precipitation.

Material borne and deposited by water.
Refers to rocks formed from the consolidation

of layered sediments that have accumulated in
water.
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SINKHOLE:

SOLUTION CHANNEL:

STATIC LEVEL:

SYNCLINE:
TERRACE:

UNCONSOLIDATED:

WATER TABLE:

A funnel-shaped depression in the land surface,
usually in Timestone regions, developed by the
dissolving action of water and connected with
solution channels underlying the depression.

Joints or fractures in carbonate rocks which
have been enlarged by the dissolving action of
water and which are capable of transmitting
large quantities of water.

Depth to water in a well when the well is not
being pumped.

A downward fold in rock strata.

A Tlevel or gently inclined surface bordering a
stream which represents a former level of the
stream. Terraces are composed of alluvium pro-
duced by renewed downcutting of the flood plain
or valley floor by the stream.

A sediment that is Toosely arranged or unstrat-
ified, or whose particles are not cemented
together.

The upper surface of the zone of rock or soil
saturated with groundwater.
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